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PROJECT OVERVIEW2

SUMMARY: Experimentally quantify commercial Li-ion battery failure at the cell and materials level at varying operating conditions

SIGNIFICANCE: 

Å Li-ion battery energy storage system selection is fraught with uncertainty

Å Limited performance and safety data is publicly available, making it difficult to quantify risk at various operating conditions

Å Broader understanding of degradation and failure can inform new technologies for intervention

ALIGNMENT WITH CORE MISSION OF DOE OE: 

Å Energy storage systems contribute to resilience, reliability, and flexibility of energy infrastructure

Å 5ƛǎǎŜƳƛƴŀǘƛƻƴ ƻŦ ΨŀǇǇƭŜǎ ǘƻ ŀǇǇƭŜǎΩ ǎŀŦŜǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ Řŀǘŀ Ŏŀƴ ŀŎŎŜƭŜǊŀǘŜ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘΣ ǎŜƭŜŎǘƛƻƴΣ ŀƴŘ ŀŘƻǇǘƛƻƴ 

of energy storage technologies
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PROJECT OBJECTIVES4

ÅUnderstanddifference in agingbehavioras a function of chemistry,environment,and use casefor popular
commercialLi-ion chemistries

ÅRelatefadingperformanceto changesin electrochemicalandmaterialsproperties

ÅUnderstandimpactof cellageandagingprotocolon abuseresponse

ÅDeveloppublicresourcesfor sharingandanalyzingbattery data



5 PROJECT PREVIOUS WORK 

ÅThermalrunawaymeasurementsfor fresh commercial
Li-ion batteriesat 0-100%SOC

ÅComponent-level degradationmapped to whole fresh
cell thermal runaway

ÅMulti-year cyclingstudy of commercialNMC,NCA,and LFP
cells to 80% capacity, varying discharge rate, depth of
discharge,andtemperature

ÅAnalysis of cycling condition impact on capacity/energy
retention andround-trip efficiency

ÅComparisonto previousstudiesto identify universaltrends
andprovidestandarddeviationfor performance

Barkholtz et al. J. Power Sources 2019, 435, 226777.Preger et al. J. Electrochem. Soc. 2020, 167, 120532.



PROJECT RESULTS ðPerformance Beyond 80% Capacity6

ÅSpecsheetsand cyclingstudies typically report degradationto
80%capacity(holdoverfrom EVs)

ÅBeyond80%relevantfor grid+ 2nd life applications

ÅTypicalmodel of Li-ion battery degradationassumestransition
from linearbehavior(Zone3)

ÅNodefinitiveansweron whenor why

ÅCurrently,we arecyclingNMCandNCAcellsfrom earlierstudyto
ΨƪƴŜŜǇƻƛƴǘΩ

ÅCompletingelectrochemical(EIS,differential capacity analysis)
and materialscharacterization(CTscans,XRD,calorimetry,SEM)
for fresh,80%, andpost-kneecells

ÅElectrochemicalanalysis,CTscans,and XRDdone for fresh and
80%cells

Innovation: first broadstudyof degradationbeyond80%capacitywith comprehensivematerialsandelectrochemicalcorrelation

Data from Reed Wittman

Spotnitz et al. J. Power Sources 2003, 113, 72. 
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PROJECT RESULTS ðSafety Beyond 80% Capacity7

Innovation: first comprehensiveevaluationof influenceof battery ageandagingprotocolon abuseresponse
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Self-heating onset temperature

Thermal runaway onset temperature

Total heat release (ɲT)

Representative ARC analysisÅStandardabusetesting is reported only for fresh cells; influence
of cellageon safetyisunclear

ÅMore safe(dueto capacityloss)?

ÅLesssafe(dueto materialsinstability)?

ÅLittle difference?

ÅThermal runaway of fresh and aged cells compared via
acceleratedrate calorimetry(ARC)

ÅAnalyzedall previousreports + dozensof experimentsat Sandia
on ARCof agedcells

ÅAbuseresponsemoststronglyinfluencedby agingtemperature

ÅLower self-heating onset at lower temperature, likely due to
appearanceof platedLi

ÅHeatreleasegenerallythe sameor lower ascellages

ÅNeedmore dataon non-thermal abuse(e.g. long-term stability of
protectivedevicesfor overchargeandshortcircuit)



PROJECT RESULTS ðBattery Cycling Database8

Innovation: first publicrepositoryfor easyvisualization,analysis,andcomparisonof battery dataacrossinstitutions

Site Development
Å Dr. Valerio de Angelis (CUNY): site architecture
Å Sam Roberts-Baca (SNL): front end
Å Mark Spoonamore (SNL): database guidance
Å Prof. Venkat Subramanian (UT-Austin): models

Critical Feedback & Data Contributions
Å PNNL
Å Hawaii Natural Energy Institute
Å Jet Propulsion Lab
Å NRC Canada
Å RWTH Aachen University

Motivation
Å Battery data not reported and shared systematically
Å Difficult to compare results from different groups
Å Metadata not indexed for easy searching/reuse
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Sitelaunchedin August2020: sofar, overa hundredvisitorsfrom a dozencountrieshaveloggedmultiple sessions

Coreof site iscomplete,but manymodificationsstill in progress(e.g. more anddifferent kindsof battery data)

PROJECT RESULTS ðBattery Cycling Database

Search by metadata related to cell + cycling conditions Efficiencies, capacity and energy decay, and voltage curves 
automatically plotted for selected cells


